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Early responses of glomerular filtration rate to unilateral nephrec-
tomy. Unilateral nephrectomy in rats was followed in 24 hours
with an increase in protein, ribonucleic acid (RNA), and kidney
weight equal to 6 to 10% of the prenephrectomy value. Clear-
ance of iothalamate (C10) was used to measure glomerular filtra-
tion rate (GFR). The ratio C10 : C1 in rats was 0.92, but the ratio
remained stable under varying experimental conditions. C10
measured during hypotonic expansion of extracellular fluid
volume (ECFV) had increased by 21% in 24 hours, whereas there
was no increase in sham-operated controls in which ECFV had
been expanded to the same degree. C,0 also was increased four to
five hours after nephrectomy during mannitol infusion, and 30 to
90 minutes after nephrectomy during either hypotonic or
isotonic expansion of ECFV. These later changes were accom-
panied by a decrease in CPAH. Sham-operated controls did not
show a change in C10. The findings were interpreted as indicating
GFR did increase very early after nephrectomy, but the increase
was not due to a change in renal blood flow and in extracellular
volume. Removal of a kidney appeared to initiate activation of
some regulator to increase GFR and sodium reabsorption.
Whether this regulator also was essential in initiating the
hypertrophy response was not examined.
Réponse précoce de In filtration glomérulaire a Ia néphrec-
tomie unilatérale. La néphrectomie unilatérale chez Ic rat entraine
24 heures une augmentation des protéines, du RNA et du poids
de rein egale a 6 a 10% des valeurs antérieures a Ia néphrectomie.
La clearance de l'iothalamate (C1,) a été utilisée pour mesurer le
debit de filtration glomérulaire (GFR). Le rapport C10/C10 est
de 0,92 chez les rats, mais ii demeure stable dans diverses con-
ditions expérimentales. C10 mesuré durant une expansion hypo-
tonique extracellulaire augmente de 21% en 24 heures alors que
l'on n'observe pas d'augmentation chez les témoins ayant subi
une operation fictive et une expansion comparable. C10 augmente
aussi quatre a cinq heures après Ia néphrectomie au cours de la
prefusion de mannitol et 30 a 90 minutes après Ia néphrectoniie
au cours de l'expansion hypo ou isotonique. Ces dernières
modifications sont accompagnées d'une diminution de CPA,,.
Les témoins n'ont pas de modifications de C00. Ces constatations
indiquent que Ic GFR augmente très précocément aprés
néphrectomie, mais cette augmentation n'est pas liée a une
modification de debit sanguin renal et du volume extracellulaire.
L'ablation d'un rein paraIt déclencher I'activation d'un système
régulateur qui augmente Ia GFR et Ia reabsorption de sodium.
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Le role de ce régulateur dans Ic déclenchement de l'hypertrophie
n'a pas été étudié.
Factors which control renal growth are not well
understood. The theories of functional demand and of
humoral growth regulators have been discussed by
Goss [1] as alternative means to control growth; these
are not, however, mutually exclusive [1]. The functional
demand hypothesis in relation to kidney function has
been linked to reabsorption of sodium more than to
the excretory function of the kidney, because sodium
reabsorption is the process most closely correlated
with oxygen consumption [2]. Because sodium re-
absorption is, in turn, closely correlated with glomeru-
lar filtration rate (GFR), the relation of the change in
GFR to change in nephron size has been a focus for
examining the factors that control renal growth. The
response of the contralateral kidney to unilateral
nephrectomy has provided one model for examining
this question.
Increases in size, protein and total ribonucleic acid
(RNA) [3] content in the remaining kidney occur
within 24 hours following unilateral nephrectomy.
Changes in RNA and protein [4—6] synthesis occur
within a few hours following nephrectomy. By con-
trast, Katz and Epstein [7] failed to show any differ-
ence in GFR in rats 24 hours following nephrectomy,
and Katz [8] failed to show any change in rats studied
serially prior to and 24 hours following nephrectomy.
This observation is evidence against functional demand,
i.e., an increase in GFR and sodium reabsorption
initiating the compensatory hypertrophy response, but
rather favors the hypothesis that functional increase
follows the increase in nephron size. Their observations
[7, 8] provide evidence for the initiation of the hyper-
trophic response by some humoral factor which
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increases RNA and, protein synthesis, resulting in
nephron growth. GFR would follow secondarily.
We examined whether changes in renal blood flow
and GFR occur early in the contralateral kidney, in
response to removal of one kidney, because of the
greater peripheral resistance created by removing an
organ receiving more than 1O% of total cardiac out-
put. We questioned whether the results of Katz and
Epstein [7] and of Katz [8] may have reflected the
effects of the operation and the nephrectomy. Our
experiment was designed to produce minimal change
in the physiological status of the rat following
nephrectomy. Sham-operated rats provided a check
upon the constancy of functional measurements. The
experiment was designed to determine whether
"functional demand," i.e., an early and sustained
increase in GFR, might be responsible for the increase
in nephron size.
Methods
All studies were done on 200 to 300 g rats 24 hours,
4 to 5 hours, and 30 to 90 minutes after nephrectomy,
for comparison with prenephrectomy values. GFR
was estimated from the clearance of sodium iothala-
mate-P25 (C10), except where noted. Sham-operated
controls were used throughout.
Twenty-four hours after nephrectomy. Rats were
given, by gavage, 4 ml of 15 alcohol solution and
placed prone in a warmed restraining cage, where
body temperature could be maintained between 36 to
37.5°C. A priming dose of 6 to 8 tCi of '251-iothala-
mate was given, and an infusion containing 1 iCi of
iothalamate and alcohol, 15 mg/mI in 5% glucose and
0.035M NaCl, was then delivered at a rate of 0.247
mi/mm. The alcohol provided light anesthesia, so that
the rats were quiet, except when they were disturbed
for a blood sample. Urine was collected as voided
spontaneously into calibrated tubes. After a 60-minute
period of equilibration, clearances were begun. At
least three voidings, together comprising more than
3 ml of urine, were collected over 15 to 30 minutes to
constitute a period. After two to three clearance
periods, the alcohol was supplemented with ether, a
flank incision was made, and the left kidney either
manipulated and returned (eight sham-operated rats)
or removed (seven nephrectomized rats). Twenty-four
hours later the C10 was repeated. The infusion rate was
reduced to one-half (0.123 mI/mm) during the second
clearance in the nephrectomized rats, so that weight
gain and extracellular fluid volume (ECFV) expansion
would not be so great. The effects of unilateral nephrec-
tomy upon the contralateral kidneys were inferred
from a comparison of the ratios of values of the right:
left kidneys of the nephrectomized rats with those of
the controls. Where C10 was done with both kidneys in
place, C10/kidney was estimated by dividing the ob-
served clearance by two.
Both the tubular maximum reabsorption rate for
glucose (TmG), and sodium-potassium adenosine
triphosphatase activity (Na-K-ATPase) were deter-
mined in 5 additional rats before nephrectomy and 24
hours after nephrectomy, using the same protocol as
just described, with these exceptions: the infusing fluid
for these rats provided 7 mg/i00 g of body weight/mm
of glucose, which elevated the serum glucose con-
centration to more than 300 mg/l00 ml; Na-K-ATPase
Was determined on the left kidney, which was re-
moved initially, and on the right, 24 hours following
left nephrectomy.
Four to five hours qfter nephrectomy. This study com-
pared the clearance of para-aminohippurate (CPAH),
C10, hematocrit, and kidney weight of rats studied
prior to nephrectomy and four to five hours following
nephrectomy with rats which had a sham operation.
Clearances were performed during mannitol infusion
designed to avoid changes in body weight during a
continuous infusion. Twenty-four rats had C10 and
CPAH measured as in the first experiment, except that a
cystostomy tube was inserted just prior to the start of
the infusion. The priming fluid contained 6 to 8 Ci
of iothalamate, 4mg of PAR, and 400 mg of mannitol
in 0.5 ml water. The infusion fluid contained I Ci/m1
of iothalamate, 19 mg/mI of PAH, 55 mg/mi of
mannitol, 15 mg/mI of alcohol and 35 Eq/ml of NaCI
and was infused at 0.247 mI/mm. Following an
equilibration period of one hour, urine was collected
for three to four periods of 15 to 20 minutes each, and
blood was collected at the midpoint. The left kidney
was either manipulated and returned (12 sham-
operated rats) or removed (12 nephrectomized rats).
The infusion was continued for five additional hours,
urine was collected for each hour, and blood obtained
at the midpoint of the fifth hour for PAH and iothala-
mate determinations. The infusion rate remained
unchanged for the sham-operated rats, but was re-
duced to 0.123 mI/mm following nephrectomy. At the
end of the fifth hour, the right kidney was obtained.
The rats were weighed before and after completion of
the clearance.
Thirty to ninety minutes after nephrectomy. Clear-
ances were measured 30 to 90 minutes following sham
operation or nephrectomy for comparison with pre-
operative values. Clearances were measured during
hypotonic and isotonic expansions. C10 and sodium
filtered (FNa) and excreted (UNaV) were measured.
The rats were prepared with a cystostomy and
iothalamate was given as before in 5% glucose, in
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Table 1. Structural and functional changes observed 24 hours after left nephrectomy
WKW,
g
DKW,
mg
RNAa
ribose,g
Protein,a
mg
C10,b
mi/mm
TmG,0'°
mg/mm
Na-K-ATPase,°
oMpi/hr/mg of
protein
Nephrectomy (N= 12)
Preoperative 1.03±0.12 238±35 876±135 144±29 1.42±0.22 5.41±1.57 76±11
Postoperative (24 hours) 1.11±0.16 253 32 952±140 159±32 1.71 4.99±0.61 79±6
Difference, % +7
<0.004
+6
<0.05
+9
<0.005
+10
<0.005
+21
<0.001
—8
NS
+4
NS
Sham-operated (N= 8)
Preoperative 1.00±0.13 238±24 880±42 145±42 1.44±0.17
Postoperative (24 hours) 0.97±0.09 234±22 901±57 143±14 1.53±0.24 — —
Difference, % —3
NS
—2
NS
+ 2
NS
0
NS
+ 4
NS
a For sham-operated rats, both kidneys were obtained 24 hours following the sham operation upon the left kidney. For nephrectomized
rats, the left kidney was obtained at time of nephrectomy and the right kidney, 10 to 24 hours later.b Where measured in rats with both kidneys, values are corrected to one kidney by dividing by 2.
Performed only on five of the 12 nephrectomized rats.
0.035M NaC1 saline or 0.15M NaCI, at a rate of 0.247
mi/mm. In the nephrectomized group the infusion
rate was reduced to 0.123 mi/mm following the
operation. Urine was collected for three 20-minute
periods prior to nephrectomy and for 30-minute
periods beginning 30 minutes after nephrectomy and
extending through 90 minutes after nephrectomy.
Body weight was obtained prior to and following the
clearance.
The following methods were used: dry kidney
weight (DKW) was calculated from the wet kidney
weight (WKW) and the wet: dry ratio of kidney weight
dried at 100°C. Na-K-ATPase on the light micro-
somal fraction was determined by the method of Katz
and Epstein [9]. RNA was extracted in hot NaC1
solution and ribose content of hydrolysate deter-
mined by the method of Volkin and Cohn [10]. PAH
concentration was determined by the method of
Smith and associates [11].
('10 as a measure of GFR. C10 was compared with the
clearance of inulin (C10) in rats during saline, sodium
bicarbonate, glucose, mannitol and water diuresis.
The ratio C10:C10 was found to be 0.92 and signifi-
cantly different from 1.0. Neither urine pH in a range
of 5 to 7.5, urine flow, osmolality nor sodium excre-
tion rate influenced this ratio. When C10 changed in
sequential studies, C10 also changed in a like manner,
and we accepted C10 as an accurate indicator of GFR.
We elected not to correct values to C1, but to report
them directly as C10.
Results
Twenty-four hours after nephrectomy. Results are
presented in Table 1. Kidney weight, DKW and RNA
all increased from 6 to 10% following nephrectomy.
Kidney protein also increased 10%. Kidney weight,
DKW, RNA and protein concentration between
right and left kidneys in the sham-operated rats were
not significantly different. Following nephrectomy,
C10/kidney increased from 1.42 to 1.71 mI/mm/kidney,
a 2l% increase, whereas C10/kidney remained the
same 24 hours after the sham operation. TmG was not
increased in the five rats in which sequential studies
were done before and 24 hours after nephrectomy.
Na-K-ATPase activity also was not increased.
Data of body weight change during each clearance
and in the 24 hours following either sham or nephrec-
tomy operation are noted in Table 2. Sodium input,
excretion, and fractional sodium excretion also are
presented. Nephrectomized and sham rats gained 2.5
and 2.8% body weight, respectively, during the first
Table 2. Changes in body weight and sodium excretion in rats
prior to and 24 hours following nephrectomy
Nephrectomy
(N= 5)
Sham
(N= 7)
Initial body weight 267 248
Change during C1, % +2.5 +2.8
Change pre-Cj to pre-C2, % —8.6 —7.8
Change during C2, % +0.3 +3.7
First clearance (preoperative)
Sodium input, pEq/mmn 9.5 9.5
Sodium excretion, iEq/min 3.3 4.0
Fractional sodium excretion, 0.9 1.0
Second clearance (24 hours postoperative)
Sodium input, .Eq/min 4.8 9.5
Sodium excretion, zEq/min 0.6 2.7
Fractional sodium excretion, % 0.3 0.7
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clearance. The nephrectomized rats experienced a net
loss relative to initial body weight of 8.6%, the sham-
operated rats, 7.8 in the 24-hour period which fol-
lowed operation. The nephrectomized rats, receiving
5°/b glucose in 0.035M NaC1 at a rate of 0.123 ml/min,
gained 0.3 body weight; the sham-operated rats,
receiving the same solution at 0.247 mI/mm through-
out, gained 3.6% body weight during the second
clearance. During the first clearance, where the sodium
chloride infused was 9.5 Eq/min, the excretion of
sodium was 3.3 and 4.0 Eq/min, respectively, for the
nephrectomized and sham-operated rats; sodium
balance was positive. During the second clearance of
nephrectomized rats, when the infusion rate was
one-half (4.8 Eq/min), sodium excretion was low.
i.e., 0.6 Eq/min. During the second clearance of the
sham-operated rats, where the infusion rate of Na
remained 9.5 .tEq/min, sodium excretion was 2.7
Eq/min. Fractional excretion of filtered sodium de-
creased from 0.9 to 0.3 in nephrectomized rats, as
shown by comparison of data from the first with that
of the second clearance; and from 1.0 to 0.7% for the
sham-operated rats.
Four to five hours qfter nephrectorny. The results of
the control and fifth hour clearance of CPAH, hemato-
crit, effective renal blood flow (ERBF) and C10 of
nephrectomized and sham-operated rats during the
sustained infusion of 5 mannitol in 0.035M NaCI are
presented in Table 3. Following nephrectomy, CPAH
increased from 7.23 to 9.16 mI/mm, hematocrit de-
creased from 45.6 to 40.7, and ERBF increased from
11.00 to 13.15 mI/mm, a 20% increase. C10 increased
by 13% from 1.57 to 1,77. Following sham operation,
CPAH increased from 6.54 to 7.20 mI/mm, hematocrit
decreased from 43.8 to 41.1, and ERBF changed
insignificantly. C10 changed slightly but significantly
from 1.59 to 1.72 mI/mm. There was no change in
body weight in either group during the infusion.
Thirty to ninety minutes after nephrectomy. C10 and
CPAU are cited respectively (Table 4) for nephrec-
tomized and sham-operated rats prior to, and 30 to 60
to 90 minutes, following operation. Percent changes in
body weight from beginning to end of infusion are
also given. C10 during infusion of 5% glucose in
0.035M NaC1 increased from 1.16 to 1.35, and to 1.28
mi/mm following nephrectomy, which represented an
increase of 16 and l2%, respectively (Fig. 1). No
change in C10 followed sham operation. CPAU, on the
other hand, decreased from its preoperative value of
4.74 to 4.01, and 3.61 mI/mm following nephrectomy.
A comparable decrease was observed following sham
operation (4.40 to 4.08, and to 3.25 mI/mm).
Table 3. Hemodynamic responses in rats subjected to sham operation or nephrectomy during a sustained rnannitol infusiona
CPAH Hematocrit ER BF C10
Control 5th hour Control 5th hour Control 5th hour Control 5th hour
Nephrectomy 7.23 9.16 45.6 40.7 11.00 13.15 1.57 1.77
Differencc±so 1.94±0.52 (<0.01) 4.9±0.9 (<0.001) 2.26±0.85 (<0.025) 0.20+0.09 (<0.01)
Sham 6.54 7.21 43.8 41.1 11.63 12.25 1.59 1.72
Difference±so 0.67±0.21 (<0.01) 2.6±1.3 (NS) 0.63±0.36 (NS) 0.12±0.04 (<0.01)
Clearance determinations were performed prior to and during the fifth hour following operation.
Table 4. Sequential clearances preceding and following nephreciomy (Neph) or sham operation
Infusion Group Preop,
—25 to —5 mm
Postop A
Body weight, %
30—60 mm 60—90 mm
C10
5% glucose in Neph 1.16±0.18 1.35±0.23 1.28±0.20 +5
O.035M NaC1 Sham 1.08±0.10 1.12±0.16 1.06±0.16 +5
0.ISM NaCI Neph
Sham
1.34±0.17
1,31±0.26
1.46±0.18
1.32±0.25
1.45±0.18
1.30±0.27
+2
+8
CPAF
5% glucose in Neph 4.74±0.90 4.01 1.12 3.61±0.75
0.035M NaCI Sham 4.40±0.89 4.08±0.84 3.25±0.82
0.15M NaCI Neph
Sham
5.46±0.98
4.73 1.11
5.61± 1.07
4.15±0.69
5.65± 1.14
4,14± 0.70
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120 c1.
100 ° o
80
N 0.245 0.260 0.257
S 0.277 0.318 0.314
120 CPAIt
100 .•
o
80
Fig. 1. C10, CPAH, and filtration fraction prior to and following
operation: s—s nephrectomy; a — — — a sham. Post-operative
values for C10 and CPAH are expressed as percent of preoperative
values. G = glucose.
A similar pattern of responses was noted in the rats
receiving 0.15M NaCI. C0 increased from 1.34 to 1.46,
and 1.45 mI/mm following nephrectomy, increases of
8%. No change in C10 occurred following sham
operation (1.31 to 1.32, and 1.30 mI/mm, respec-
tively). CPAH increased negligibly following nephrec-
tomy from 5.46 to 5.61, and to 5.65 mI/mm, respec-
tively. A reduction occurred in the sham-operated rats
from 4.73 to 4.15, and to 4.14 mI/mm, respectively.
The percent changes which occurred postoperatively
for C10 and CPAH are illustrated in Fig. I. Filtration
fractions are also given. The increases in C10 following
nephrectomy were associated with an increase in
filtration fraction and a decrease in CpAH (hypotonic
expansion) or no change in CPAH (isotonic expansion).
Because CPAH decreased in the sham-operated groups
and C10 did not, filtration fraction also increased in the
sham-operated rats. The increase in C10 was seen only
after nephrectomy and was not associated with an
increase in CPAH.
Sodium balances derived from infusion rate and
urine excretion rate (UNaV) were positive pre-
operatively (Table 5). Accordingly, the infusion rate
was reduced when one kidney was removed, so that
sodium balance would not be greater following
nephrectomy than following a sham operation where
both kidneys were functional. Despite reduction in
intake to one-half and a smaller positive balance of Na,
Na excretion from the remaining kidney following
nephrectomy increased more than twofold, and Na
balance was zero in rats receiving 0.035M NaCI and in
those receiving 0.15M NaCl. Small increases in Na
excretion followed sham operation in the rats re-
ceiving 0.035M NaC1, while no change occurred in
those receiving 0.15M NaCI, so that all sham-operated
rats continued to expand ECFV. By contrast, ECFV
did not continue to expand postoperatively for either
of the nephrectomy groups.
Discussion
The assessment of functional capacity of the contra-
lateral kidney in response to unilateral nephrectomy is
difficult because effects of the operative procedure, the
infusion associated with the clearance and necessary
anesthesia and restraint may modify GFR indepen-
dently. The studies are relatively long, so that physio-
logical instability is prone to occur. The present studies
were designed to lessen these effects. The rats were
maintained in a prone position under light alcohol
anesthesia with minimal restraint to maintain muscle
tone. The operative procedures, both sham and
nephrectomy, were certain to cause edema and
contraction of effective circulating volume. This was
diminished by choosing to measure clearances after
either hypotonic or isotonic expansion of ECFV. Care
was taken so that expansion of ECFV after nephrec-
tomy would be less, not more, than before nephrec-
tomy. A further test of stability of the preparation was
Table 5. Sodium input and excretion, fraction excretion preoperatively and postnephrectomy or
postsham operation
Preoperative, iEq/min Postoperative, j.eEq/,ni,,
In Total
out
Per
kidney
In Total
out
Per
kidney
1) 5% glucose in 0.035M
Nephrectomy
Sham
9.5
9.5
4.0
3.6
2.0
1.8
4.8
9.5
5.0
5.2
5.0
2.6
2) 0.15M NaCI
Nephrectomy
Sham
37.5
37.5
30.5
28.7
15.3
14.4
18.8
37.5
19.5
28.6
19.5
14.3
5% G in 0.035M NaCI
Preop Postop
30-60 60-90
0.lSoi NaCI
Preop Postop
30-60 60-90
P -cop
value, %
Filtration N 0.247 0.337
fraction S 0.245 0.275
0.346
0.326
120
l:o
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made by using sham-operated rats as controls. Data
from these, studies affirm that C10 and, by inference
GFR were not modified by the operative procedure or
the conditions of the postoperative clearance.
Nonetheless, the data from the sham-operated rats
are interesting in that they show the effects of pro-
cedure and infusion. The sham-operated rats gained
2.8% body weight during the preoperative clearance,
but lost that and an additional 7.8% body weight in
the 24 hours following operation. During the second
infusion period these rats gained 3.7% body weight
with the same infusion of sodium and water. They also
excreted less sodium during the second infusion. These
findings suggest the potential for the operation to lead
to a concentration of ECFV which, if not reexpanded,
might lower GFR.
The study extending through 90 minutes post-
operatively also points to adverse effects of the pro-
cedure upon renal hemodynamics. CPAH and, by in-
ference, ERBF of the sham-operated rats decreased
postoperatively, despite the fact that either a hypo-
tonic or isotonic infusion was sustained and ECFV
expanded. However, the decrease in ERBF was not
associated with a change in GFR.
After nephrectomy the rats were given less sodium
and water because loss of a kidney would be expected
to reduce output. Retention of sodium and expansion
of ECFV was less during the postnephrectomy clear-
ance; ERBF decreased or remained stable; GFR
increased.
These findings strongly suggest that GFR in the
contralateral kidney increases soon after nephrectomy.
While the increase may not be evident in rats when
ECFV has contracted after nephrectomy [7, 8], the
evidence in this study is that the observed increase in
C10 reflects an increase in GFR due to loss of a kidney.
This increase is evident within 30 minutes after
nephrectomy, and is well established by 24 hours
afterwards.
The increase in GFR was not associated with an
increase in ERBF, so that the original proposal that
an increase in ERBF might initiate an increase in GFR
was not supported. The change in GFR, not related
to evident hemodynamic factors, appears more likely
to result from some humoral factor that alters the
filtration pressure or tubular reabsorption of sodium,
so that both GFR and sodium reabsorption increase.
The assumption that a humoral factor rather than a
hemodynamic factor is responsible for the increase in
GFR does not preclude GFR from being an essential
link in a chain of events which results in renal hyper-
trophy. The sequence leading to hypertrophy may be
linear and consist of an increase in GFR leading to an
increase in RNA and protein synthesis. Another pos-
sible sequence is that nephrectomy stimulates sodium
reabsorption in the contralateral kidney, which
increases GFR and initiates new RNA and protein
synthesis. This is in keeping with the proposal of
Leyssac [12] that sodium reabsorption controls GFR,
rather than the reverse. A third possibility is that new
RNA and protein synthesis are not dependent upon
increases in function. The present study was not
designed to test any of these possibilities. The results
strongly favor early changes in GFR coincident with
early changes in RNA and protein synthesis.
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